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The neoclassical tearing mode (NTM) is a subcritically 
excited tearing mode under the influence of the pressure 
gradient. The onset conditions of the NTM are not yet 
clarified, although the suppression of this instability is 
necessary for stationary operation of high temperature 
plasma. The rate of stochastic transition was formulated 
for turbulent plasmas.[I) It is expected that in 
nonequilibrium and turbulent plasmas the NTM is 
triggered by the turbulence. 
We formulate a Langevin equation for NTM as a 
stochastic equation in the presence of noise source induced 
by background fluctuations. The statistical properties of 
NTM amplitude, such as the probability density function 
(PDF), the rate of excitation, the average of amplitude, the 
boundary in the phase diagram and its expression, are 
derived. We show that the stochastic excitation ofNTM 
is possible to occur without seed island if j3 p > j3 P • 
holds. (13 p is the plasma pressure normalized to the 
poloidal magnetic field pressure.) We note that this 
mechanism is rather general. For instance, in fluid 
dynamics it explains the transition of a linearly stable 
systems in a laminar state (flow in a pipe) to a self-
sustained turbulent state. The transition is triggered by 
random disturbances such as inlet conditions. 
The stochastic equation ofNTM amplitude A 
(being a normalized helical component of vector potential) 
is rewritten as 
%tA+'lAA=gw(t) , (I) 
and A is now a stochastic variable. The statistical 
property of the NTM amplitude A is studied. It is 
worthwhile to compare it with Kramers' idea for thermal 
equilibrium. In Eq.( I), there is a nonlinear force but no 
Einstein drag term common in Brownian theory; the 
fluctuations from turbulence are decidedly non thermal 
unlike standard Langevin theory. A is the nonlinear 
damping rate, g is the magnitude of the turbulent noise 
and'l is the inverse of Lundquist number. (See [2) for 
details of the notation.) By introducing a nonlinear 
potential 
(2) 
statistical properties are obtained. 
Figure 1 shows the statistical average (A) as a 
long time average, together with threshold and saturation 
amplitudes (Am and As) of the deterministic model, as a 
function of 13 p . Solid line shows the statistical average 
192 
(A) . A thin dotted line indicates the threshold A m and 
saturation amplitude A s from the deterministic model. 
(A) drastically changes across the condition j3 p = ~ p' , 
an approximate fonnula of which is derived in the next 
subsection. Theoretical formula of the phase boundary is 
obtained as [3) 
and is illustrated in Fig.2. 
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Fig.l Amplitude of NTM as a function of the plasma 
pressure for fixed value of i'J.' o. Solid line shows the 
statistical average (A) . A thin dotted line indicates the 
threshold A m and saturation amplitude A s of the 
deterministic model. Normalized ~ p is shown in [3). 
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Fig.2 Phase diagram of the statistical average of NTM 
amplitude. In the region of "excited", the NTM is found 
excited after statistical average. In the region tlquenched", 
NTM is not excited as an average. Thin dashed line is the 
boundary of the cusp in the deterministic model,. Symbol 
lie' denotes the critical point of the cusp. 
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